Unplanned reinterventions are associated with postoperative mortality in neonates with critical congenital heart disease  by Mazwi, Mjaye L. et al.
Mazwi et al Congenital Heart DiseaseC
H
DUnplanned reinterventions are associated with postoperative
mortality in neonates with critical congenital heart diseaseMjaye L. Mazwi, MD,a David W. Brown, MD,a Audrey C. Marshall, MD,a Frank A. Pigula, MD,b
Peter C. Laussen, MBBS,a Angelo Polito, MD, MPH,a David Wypij, PhD,a,c,d and
John M. Costello, MD, MPHaFrom th
Hosp
statis
This stu
(to P.
grant
Disclos
Receive
publi
Address
weste
Unit,
cago,
org).
0022-52
Copyrig
doi:10.1Objective: Neonates with critical congenital heart disease remain at risk of adverse outcomes after cardiac
surgery. Residual or undiagnosed anatomic lesions might be contributory. The present study aimed to describe
the incidence and type of cardiac lesions that lead to early, unplanned cardiac reintervention, identify the risk
factors for unplanned reintervention, and explore the associations between unplanned reinterventions and
hospital mortality.
Methods: The present single-center retrospective cohort study included 943 consecutive neonates with critical
congenital heart disease who underwent cardiac surgery from 2002 to 2008. An unplanned cardiac reinterven-
tion was defined as a cardiac reoperation or interventional cardiac catheterization performed during the same
hospitalization as the initial operation. Multivariate logistic regression analyses were used to identify the risk
factors for unplanned cardiac reintervention and hospital mortality.
Results: Of the 943 neonates, 104 (11%) underwent an unplanned cardiac reintervention. The independent pre-
dictors of unplanned reintervention included prenatal diagnosis, lower birth weight, need for mechanical ven-
tilation before the initial cardiac operation, lower attending surgeon experience, and greater Risk Adjustment
in Congenital Heart Surgery, version 1, category. Those who underwent reintervention had increased hospital
mortality (n¼ 33/104, 32%) relative to those who did not (n¼ 31/839, 4%; adjusted odds ratio, 8.6; 95% con-
fidence interval, 4.7 to 15.6; P<.001). The mortality rates among patients undergoing surgical reintervention
(23/66, 35%) or transcatheter reintervention (4/16, 25%), or both (6/22, 27%) were similar (P ¼ .66).
Conclusions: The need for unplanned cardiac reintervention in neonates with critical congenital heart disease is
strongly associated with increased mortality. Early unplanned reinterventions might be an important covariate in
outcomes studies and useful as a quality improvement measure. (J Thorac Cardiovasc Surg 2013;145:671-7)Hospital mortality remains an important issue for neonates
undergoing complex cardiac surgical procedures. The mor-
tality rates between institutions vary, indicating potential
modifiable factors. Recent multicenter pooled data from
the European Association for Cardiothoracic Surgery and
the Society of Thoracic Surgeons Congenital Heart Surgery
databases have indicated that the hospital mortality rates are
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Neonates are at risk of complex postoperative courses for
numerous reasons, with contribution frommultiple preoper-
ative, intraoperative, and postoperative factors.2-7
We sought to further the understanding of neonates with
significant residual or undiagnosed anatomic cardiac le-
sions that lead to an unplanned cardiac reintervention dur-
ing the index hospitalization. Intuitively, such patients
will be at risk of adverse outcomes. Determining whether
a patient has a significant residual anatomic lesion might
be challenging, because standard definitions do not exist
and the decision to reintervene is dependent on clinical
judgment and the clinical status of the patient at the assess-
ment. Therefore, the focus of the present study was the oc-
currence of unplanned cardiac reinterventions. One aim of
the present study was to describe the incidence and type
of unplanned reinterventions in neonates with critical con-
genital heart disease. We also sought to identify the risk fac-
tors for unplanned reintervention, focusing on preoperative
variables in an attempt to proactively characterize the infant
at risk of unplanned reinterventions. Finally, we sought to
explore the relationship between unplanned cardiac reinter-
ventions and hospital mortality.rdiovascular Surgery c Volume 145, Number 3 671
Abbreviations and Acronyms
CI ¼ confidence interval
OR ¼ odds ratio
RACHS-1 ¼ Risk Adjustment in Congenital Heart
Surgery, version 1
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DMETHODS
This was a retrospective, single-center, cohort study. Data were obtained
in part from a pre-existing research database that included all neonatal (<28
days of age) admissions to the cardiac intensive care unit at our institu-
tion.6,8 Additional variables were obtained from medical record review.
We included all neonates admitted to our institution from January 1,
2002 to December 31, 2008 with critical congenital heart disease who
had undergone cardiac surgery within the first 28 days of life.7We excluded
patients with critical congenital heart disease who had initially undergone
interventional cardiac catheterization that was intended to allow discharge
from the hospital without additional cardiac intervention.We also excluded
patients with critical congenital heart disease who died or had had life sup-
port withdrawn before any cardiac surgery, premature neonates undergoing
isolated patent ductus arteriosus ligation, and those whose initial cardiac
surgical procedure was performed at another institution.
We assigned patients to the unplanned cardiac reintervention group who
underwent at least 1 additional cardiac surgical operation or interventional
cardiac catheterization during the same hospitalization as the initial cardiac
operation. The operative procedures that did not directly address residual
cardiac lesions, such as delayed sternal closure, extracorporeal membrane
oxygenation cannulation, or diaphragm plication, were not considered un-
planned cardiac reinterventions. Diagnostic cardiac catheterizations during
which no intervention was performed were also not considered unplanned
cardiac reinterventions. The comparison group consisted of all remaining
neonates who did not require an unplanned cardiac reintervention.
From a review of the available data, we attempted to assign each pa-
tient’s first cardiac reintervention to 1 or more of the following categories,
adopted from those reported by Ma and colleagues9: a residual anatomic
defect, defined as correctly planned surgery but technically inadequate be-
cause of a residual anatomic problem; adequate surgical execution but an
incomplete preoperative diagnosis; or a failed therapeutic plan. A failed
therapeutic plan was defined as an adequately performed surgical proce-
dure but that with the benefit of retrospective analysis, an alternative ther-
apeutic plan might have been preferable. An unplanned reintervention was
categorized as unpreventable if none of these categories were applicable
(eg, surgery for acquired pulmonary venous stenosis in a patient without
previous pulmonary vein surgery or thrombectomy of a systemic to pulmo-
nary shunt without the need for additional surgical revision of the shunt).
Multiple preoperative covariates that could influence the need for un-
planned cardiac reintervention or confound the association between the
need for unplanned cardiac reintervention and mortality were assessed.
These included nonreassuring fetal status just before delivery, prenatal di-
agnosis, delivery location, birth weight, birth weight that was small for ges-
tational age, gender, major noncardiac birth defects, and the presence of
chromosomal abnormalities. We recorded the exposure to, and duration
of, cardiopulmonary bypass and when possible assigned each patient
a Risk Adjustment in Congenital Heart Surgery, version 1 (RACHS-1), cat-
egory.2 RACHS-1 is a validated risk adjustment method that groups cardiac
surgical procedures with similar expected in-hospital mortality rates into 6
predefined risk categories, in which category 1 has the lowest risk of death
(eg, atrial septal defect closure) and category 6 the greatest risk of death
(eg, stage 1 Norwood operation). Patients who underwent operations that
could not be assigned a RACHS-1 category were analyzed as a separate
group. The experience of the attending cardiac surgeon was calculated
by subtracting the date that the surgeon first practiced as an attending672 The Journal of Thoracic and Cardiovascular Surgcongenital heart surgeon at any institution from the date of the operation.10
The Children’s Hospital Boston Committee on Clinical Investigation ap-
proved the present study, and the requirement for informed consent was
waived.
Statistical Analysis
Continuous variables are reported as the mean  standard deviation or
median and range, as appropriate, and binary and categorical variables are
reported as counts and percentages. The characteristics of the patients re-
quiring unplanned cardiac reintervention were compared with those of
the controls who did not using the Wilcoxon rank sum test or Fisher’s exact
test. The covariates associated (P< .1) on univariate analysis with un-
planned cardiac reintervention were considered for inclusion in a multivar-
iate logistic regression model developed using manual backward stepwise
selection. For the outcomes analysis, the characteristics of the patients who
died were compared with those who did not using the Wilcoxon rank sum
test or Fisher’s exact test. Independent predictors of mortality were identi-
fied in a multivariate logistic regression model using a similar approach to
that noted above. Statistical significance was achieved in the multivariate
models when the 95% confidence intervals (CIs) for adjusted odds ratios
(ORs) did not include 1 (P<.05). The SAS System for Windows, version
9.2 (SAS Institute, Cary, NC), was used for statistical analysis.
RESULTS
Study Patients
During the 7-year study period, 1328 neonates with crit-
ical congenital heart disease were admitted to our institu-
tion. Of these neonates, we excluded 260 premature
neonates undergoing isolated patent ductus arteriosus liga-
tion, 8 who died of end-organ injury before any cardiac in-
tervention, 6 with fatal syndromes or major additional
malformations for whom life support was withdrawn before
cardiac intervention, and 5 whose initial cardiac surgical
procedure was performed at another institution. Neonates
with critical congenital heart disease who underwent a pri-
mary catheter-based intervention (n ¼ 106) were also ex-
cluded from the present analysis.
Unplanned Cardiac Reinterventions
A total of 943 neonates whomet the study criteria and un-
derwent cardiac surgery were included in the present study.
Of these, 104 (11%) underwent an unplanned cardiac rein-
tervention, including 66 patients who underwent reopera-
tion (7%), 16 who underwent interventional cardiac
catheterization (2%), and 22 (2%) in whom both interven-
tional cardiac catheterization and surgical reintervention
were performed. The median interval between the initial
cardiac surgical procedure and the first reintervention was
7 days (range, 0–140 days). Of the 104 patients who under-
went unplanned cardiac reintervention, the most common
procedures involved manipulation of systemic to pulmo-
nary shunts and pulmonary artery bands and correction of
residual intracardiac shunts and aortic arch obstruction
(Table 1). At the first unplanned reintervention, 35 patients
(34%) required extracorporeal membrane oxygenation, 51
(49%) were receiving mechanical ventilation, 9 (9%)
were spontaneously breathing but in the cardiac intensiveery c March 2013
TABLE 1. Details of first unplanned cardiac reintervention (n ¼ 104)
Patients (%) Other procedures at same reintervention
Surgical reintervention
Revision of systemic–pulmonary artery shunt 39 (38)
Revision of pulmonary artery band 10 (10) Atrial septectomy (n ¼ 1)
Intracardiac shunt repair 9 (9)
Aortic arch augmentation 9 (9) Aortic arch stent placement (n ¼ 1); tricuspid valvuloplasty (n ¼ 1)
Surgical valvuloplasty 4 (4)
Pulmonary venous obstruction surgery 3 (3)
Right ventricular outflow tract obstruction surgery 3 (3)
Right ventricular pulmonary artery conduit placement/revision 3 (3) Tricuspid valvuloplasty (n ¼ 1); VSD closure (n ¼ 1)
Bidirectional Glenn procedure 2 (2) Pulmonary arterioplasty (n ¼ 2); DKS revision (n ¼ 1); tricuspid
valvuloplasty (n ¼ 1)
Heart transplantation 1 (1)
DKS revision 1 (1)
Left ventricular outflow tract obstruction surgery 1 (1)
Catheter-based reintervention
Pulmonary artery balloon dilation 8 (8)
Aortopulmonary collateral coil occlusion 3 (3)
Balloon dilation of atrial septum 3 (3)
Systemic vein balloon dilation 2 (2)
Pulmonary artery band balloon dilation 2 (2)
Pulmonary valve balloon dilation 1 (1)
DKS, Damus-Kaye-Stanzel; VSD, ventricular septal defect (included shunt thrombectomy in 13, shunt clip placement in 17, and other shunt revision in 7).
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Dcare unit, and 9 (9%) were on the cardiac ward. The most
common clinical concerns preceding the first unplanned re-
intervention as noted in the medical record by the managing
physicians were excessive cyanosis (n ¼ 36, 35%), persis-
tent or severe low cardiac output syndrome (n ¼ 18, 17%),
and excessive pulmonary blood flow related to a surgical
systemic to pulmonary shunt (n ¼ 17, 16%) or residual in-
tracardiac shunt (n ¼ 11, 11%).
After a review of the relevant data, the factors thought by
the study investigators to be most contributory to an un-
planned cardiac reintervention were a residual anatomic de-
fect in 65 patients (63%), adequate surgical execution but
incomplete preoperative diagnosis in 5 patients (5%),
both of these factors in 1 patient (1%), and adequate surgi-
cal execution but a failed therapeutic plan in 10 patients
(10%). In 18 patients (17%), the need for unplanned rein-
tervention could not be attributable to any of the study fac-
tors and was thought to be unpreventable. Of the 39
reinterventions involving reoperation on a systemic to pul-
monary artery shunt, 17 (44%) were isolated shunt throm-
bectomies that were deemed unpreventable, and 22 that
involved revision of shunt size, location, or anastomosis,
were categorized as residual anatomic defects. In 5 patients
(5%), the most contributory factor to the unplanned cardiac
reintervention was unclear.Risk Factors for Unplanned Cardiac Reintervention
A prenatal diagnosis of congenital heart disease, delivery
at an adjacent institution, lower gestational age and birth
weight, the need for mechanical ventilation before surgery,The Journal of Thoracic and Cathe presence of respiratory distress syndrome, a noncardiac
structural anomaly, fewer than 9 years of attending surgeon
experience (the lowest quartile of attending surgeon exp-
erience), and a greater RACHS-1 category were all signifi-
cantly associated with a greater likelihood of an unplanned
reintervention (Table 2). Onmultivariate analysis, a prenatal
diagnosis of congenital heart disease, lower birth weight,
the need for mechanical ventilation before cardiac interven-
tion, fewer than 9 years of attending surgeon experience,
and greater RACHS-1 category were independent risk fac-
tors for an unplanned cardiac reintervention (Table 3). In
a secondary analysis that excluded 17 patients whose initial
unplanned reoperation was a shunt thrombectomy, the same
independent risk factors for unplanned reintervention were
identified (Table 3), with the addition of the presence of
a noncardiac structural anomaly (data not shown).Hospital Mortality: Rates and Risk Factors
Of the 104 neonates who underwent an unplanned car-
diac reintervention, 33 (32%) died during the hospitaliza-
tion. In contrast, of the 839 neonates who did not undergo
an unplanned reintervention, 31 (4%) died. Compared
with the patients who did not undergo an unplanned reinter-
vention, the overall unadjusted OR for death in patients un-
dergoing an unplanned cardiac reintervention was 12.1
(95% CI, 7.0–20.9; P< .001). Of those 31 patients who
did not undergo reintervention and subsequently died, 4
(13%) had residual anatomic lesions, of whom 2 were
moribund when the residual lesion was identified and 2
had experienced a coronary artery injury during a Norwoodrdiovascular Surgery c Volume 145, Number 3 673
TABLE 2. Univariate analysis of potential risk factors for unplanned
cardiac reintervention in neonates who underwent cardiac surgery
Variable
Reintervention
P valueYes (n ¼ 104) No (n ¼ 839)
Prenatal diagnosis of congenital
heart disease
67 (64) 379 (45) <.001
Multiple gestation 5 (5) 36 (4) .80
Fetal distress 9 (9) 37 (4) .08
Delivery at adjacent institution 61 (59) 315 (38) <.001
Cesarean delivery 44 (42) 317 (38) .39
Gestational age at birth (wk) .004
Median 38 39
10%–90% 35–40 36–40
Birth weight (kg) 2.97  0.70 3.16  0.64 .005
Small for gestational age (<2 SD
below mean)
6 (6) 25 (3) .14
Male gender 63 (61) 488 (58) .67
Noncardiac structural anomaly 16 (15) 79 (9) .04
Chromosomal anomaly 8 (8) 64 (8) 1.0
Preoperative mechanical
ventilation
68 (65) 438 (52) .01
Respiratory distress syndrome 8 (8) 26 (3) .04
Age at first cardiac operation (d) .47
Median 6 6
10%–90% 3–17 3–16
RACHS-1 category <.001
1–2 3 (3) 124 (15)
3–4 47 (45) 495 (59)
5–6 45 (43) 192 (23)
Not assignable 9 (9) 28 (3)
CPB time (min) .15
Median 134 124
10%–90% 0–261 0–185
Attending surgeon experience (y)
(quartiles)
.005
20 20 (19) 210 (25)
14–19.9 20 (19) 222 (26)
9–13.9 23 (22) 211 (25)
<9 41 (39) 197 (24)
Data presented as n (%) or mean  SD, unless otherwise specified. CPB, Cardiopul-
monary bypass; RACHS-1, Risk Adjustment in Congenital Heart Surgery, version 1;
SD, standard deviation.
TABLE 3. Independent risk factors for unplanned cardiac
reintervention in neonates who underwent cardiac surgery
Variable OR (95% CI) P value
Prenatal diagnosis of congenital heart disease 1.9 (1.2–3.0) .01
Birth weight (per kg) 0.7 (0.5–0.99) .04
Preintervention mechanical ventilation 2.1 (1.4–3.4) .001
RACHS-1 category
1–2 Reference
3–4 3.2 (0.96–10.5) .06
5–6 7.1 (2.1–23.9) .002
Not assignable 10.1 (2.5–40.9) .001
Attending surgeon experience<9 y 2.2 (1.4–3.4) <.001
CI, Confidence interval; OR, odds ratio; RACHS-1, Risk Adjustment in Congenital
Heart Surgery, version 1.
FIGURE 1. Hospital mortality rates in neonates undergoing cardiac sur-
gery according to need for unplanned cardiac reintervention. P values refer
to comparisons of hospital mortality rates for those patients who required
unplanned reintervention versus the reference groupwho did not require re-
intervention.
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Doperation. Two additional patients (6%) had undergone ad-
equate surgical execution but had an incomplete preopera-
tive diagnosis that directly affected the outcome. The
other 25 patients died of a variety of complications. In these
patients, a review of the available data did not suggest an
undiagnosed or residual cardiac lesion.
In the 33 patients who underwent an unplanned reinter-
vention and subsequently died, the median interval between
initial surgery and death was 32 days (range, 1–128 days),
and the median duration between from first reintervention
and death was 18 days (range, 0–21 days). No differences
were found in the hospital mortality rates among patients
undergoing surgical reintervention (23/66, 35%) or trans-
catheter reintervention (4/16, 25%), or both (6/22, 27%;674 The Journal of Thoracic and Cardiovascular SurgP ¼ .66) (Figure 1). Of the 29 patients who underwent un-
planned reintervention within 2 days of the initial surgical
procedure, 6 died (21%). In contrast, 10 of 26 patients
died after the initial reintervention between postoperative
days 3 and 7 (38% mortality; OR, 2.4; 95% CI, 0.7–7.6),
12 of 23 patients died after the initial reintervention be-
tween postoperative days 8 and 18 (52% mortality; OR,
4.2; 95% CI, 1.2–4.1), and 5 of 26 patients died after initial
reintervention on or after postoperative day 19 (19% mor-
tality; OR, 0.9; 95% CI, 0.2–3.4).
The results of univariate analyses of the potential risk
factors for mortality are listed in Table 4. The factors signif-
icantly associated with hospital mortality included a prena-
tal diagnosis of congenital heart disease, lower gestational
age and birth weight, the need for mechanical ventilation
before surgery, respiratory distress syndrome, greater
RACHS-1 category, longer cardiopulmonary bypass time,
and unplanned cardiac reintervention. The years of
attending surgeon experience was not associated with hos-
pital mortality. On multivariate analysis, the independentery c March 2013
TABLE 4. Univariate analysis of potential risk factors for hospital
death in neonates who underwent cardiac surgery
Variable
Dead
(n ¼ 64)
Surviving
(n ¼ 879) P value
Prenatal diagnosis of congenital
heart disease
47 (73) 399 (45) <.001
Multiple gestation 5 (8) 36 (4) .19
Fetal distress 9 (14) 37 (4) .003
Delivery at adjacent institution 42 (66) 334 (38) <.001
Cesarean delivery 35 (55) 326 (37) .007
Gestational age at birth (wk) <.001
>41 3 (5) 40 (5)
39–40 11 (17) 418 (48)
37–38 22 (34) 297 (34)
34–37 17 (27) 99 (11)
<34 11 (17) 25 (3)
Birth weight (kg) 2.73  0.76 3.17  0.63 <.001
Small for gestational age
(<2 SD below mean)
1 (2) 30 (3) .72
Male gender 36 (56) 515 (59) .79
Noncardiac structural anomaly 10 (16) 86 (10) .14
Chromosomal anomaly 4 (6) 68 (8) .81
Preoperative mechanical ventilation 46 (72) 458 (52) .003
Respiratory distress syndrome 10 (16) 24 (3) <.001
Age at first cardiac operation (d) .93
Median 6.5 6
10%–90% 3–16 3–16
RACHS-1 category <.001
1–2 2 (3) 125 (14)
3–4 25 (39) 517 (59)
5–6 32 (50) 205 (23)
Not assignable 5 (8) 32 (4)
CPB time (min) <.001
Median 145 124
10%–90% 0–306 0–182
CPB group (n) .003
0 min 9 (14) 152 (17)
1–120 min 9 (14) 248 (28)
121–150 min 16 (25) 248 (28)
>150 min 30 (47) 231 (26)
Unplanned cardiac reintervention 33 (52) 71 (8) <.001
Attending surgeon experience
(quartiles) (y)
.17
20 12 (19) 218 (25)
14–19.9 17 (27) 224 (26)
9–13.9 12 (19) 222 (25)
<9 23 (36) 215 (25)
Data presented as n (%) or mean  SD, unless otherwise noted. CPB, Cardiopulmo-
nary bypass; RACHS-1, Risk Adjustment in Congenital Heart Surgery, version 1; SD,
standard deviation.
TABLE 5. Independent risk factors for hospital death in neonates who
underwent cardiac surgery
Variable Adjusted OR (95% CI) P value
Fetal distress 2.8 (1.1–7.2) .03
Gestational age at delivery (wk)
>41 2.8 (0.6–11.8) .16
39–40 Reference
37–38 2.5 (1.3–5.5) .02
34–37 5.1 (2.1–11.2) <.001
<34 16.9 (6.0–48.1) <.001
RACHS-1 category
1–2 Reference
3–4 2.3 (0.5–10.9) .30
5–6 6.3 (1.3–30.6) .02
Not assignable 3.8 (0.6–24.6) .16
CPB time>150 min 2.0 (1.1–3.8) .02
Unplanned cardiac reintervention 8.7 (4.8–15.9) <.001
CI, Confidence interval; CPB, cardiopulmonary bypass; OR, odds ratio; RACHS-1,
Risk Adjustment in Congenital Heart Surgery, version 1.
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Dpredictors of hospital mortality were a prenatal diagnosis of
congenital heart disease, fetal distress just before delivery,
lower gestational age at delivery, a RACHS-1 category of
5 to 6, longer cardiopulmonary bypass time, and an
unplanned cardiac reintervention (Table 5). Including all
univariate predictors of mortality in the model had little ef-
fect on the association between unplanned cardiacThe Journal of Thoracic and Caintervention and mortality (adjusted OR, 7.8; 95% CI,
4.2–14.4; P<.001). In a secondary analysis that excluded
17 patients whose initial unplanned reoperation was shunt
thrombectomy, the independent risk factors for hospital
mortality were a prenatal diagnosis of congenital heart dis-
ease, a lower gestational age at delivery, a longer cardiopul-
monary bypass time, and an unplanned cardiac
reintervention (data not shown).
DISCUSSION
Neonates undergoing cardiac surgery are at greater risk
of operative mortality compared with older children. The
reasons are multifactorial but include the limited physio-
logic reserve of cardiac and other organ systems, smaller
cardiac structures, greater procedural complexity, the
potential for exaggerated interactions between the blood
components and the cardiopulmonary bypass circuit, and
the susceptibility to infection.11,12 Previous investigations
have identified risk factors for mortality among neonatal
cardiac surgical patients. The preoperative risk factors
include lower gestational age at birth and lower weight at
surgery and the presence of major noncardiac anomalies
and genetic syndromes.3-6 The intraoperative risk factors
include greater procedural complexity and a longer
duration of cardiopulmonary bypass.1,2 Adding to that
list, our study identified an unplanned reintervention after
neonatal cardiac surgery as an additional risk factor
contributing to mortality.
We found that an unplanned cardiac reintervention was
performed in 11% of the study patients. That more than 1
in 10 neonates in a large and experienced cardiovascular
program underwent 1 or more unplanned cardiac reinter-
ventions calls attention to this important and understudied
complication. The true incidence of important residual orrdiovascular Surgery c Volume 145, Number 3 675
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Dundiagnosed lesions might be slightly greater; however, the
use of an unplanned reintervention was chosen as the pri-
mary exposure variable to identify those lesions thought
to warrant early cardiac reintervention as judged by the
treating clinicians. The types of reintervention were quite
heterogeneous.
Unplanned Reinterventions and Mortality
The overall hospital mortality rate for neonates undergo-
ing cardiac surgery included in the present study was 7%,
with a disproportionate number of deaths occurring in pa-
tients who underwent an unplanned cardiac reintervention
(32% mortality). The strong association between un-
planned reintervention and mortality persisted after adjust-
ment for multiple confounders. We were unable to
demonstrate a difference in mortality rates between surgical
and transcatheter and both types of reintervention, suggest-
ing that the circumstances prompting the reintervention
might contribute more to mortality than the nature of the re-
intervention itself. With the exception of fetal distress, the
other independent risk factors for mortality in the present
study have all been previously described in neonates under-
going cardiac surgery.2-4
Factors Contributing to Residual Lesions and
Unplanned Reintervention
We found that smaller neonates and those undergoing
more complex procedures were at greatest risk of un-
planned reintervention. There are likely nonmodifiable fac-
tors related to patient size that affect the technical aspects of
cardiac surgery and limit the ability to easily assess for re-
sidual lesions. The association between a prenatal diagnosis
of congenital heart disease and unplanned cardiac reinter-
vention is difficult to explain, because the model controlled
for surgical complexity using the RACHS-1 categories. Un-
measured confounding variables, such as the heterogeneity
of phenotypes within the individual RACHS-1 categories,
might explain this association.
To describe the factors leading to unplanned reinterven-
tion, we attempted to assign each case to 1 of the following
groups: a residual anatomic defect, an incomplete preoper-
ative diagnosis, or a failed therapeutic plan.9 We found that
residual anatomic defects appeared to be the most common
factor leading to reintervention. Given the retrospective na-
ture of the present study and the inherent marked variability
within each type of congenital heart defect, unmeasured
factors could have contributed to the occurrence of residual
lesions despite optimal technical performance. Revision of
systemic to pulmonary artery shunts was the most common
type of unplanned cardiac reintervention. Of these 39 cases,
17 (44%) were isolated shunt thrombectomies that were
deemed to be unpreventable, and 22 involved revision of
shunt size, location, or anastomoses and were categorized
as residual anatomic defects.676 The Journal of Thoracic and Cardiovascular SurgFewer years of attending surgeon experience was identi-
fied as a risk factor for unplanned cardiac reintervention but
not mortality. The years of attending experience might not
correlate closely with technical skill, and the overall case
volume, specific case volume, and other factors might
also be important.10 We also recognize that the need for
an unplanned reintervention is an imperfect measure of
technical performance during the initial operation. Larraza-
bal and collleagues13 have proposed a more direct measure
of the adequacy of repair after selected congenital heart sur-
gical procedures. It was not feasible to use their technical
performance scoring system in our investigation, because
it was not applicable to many of the operations performed
on our study patients. Although lower surgeon experience
was a risk factor for unplanned reintervention, it was not as-
sociated with increased mortality. The reason for this dis-
crepant finding is unknown. We speculate that more
junior surgeons might have a lower threshold for early in-
vestigation of the adequacy of their repair, potentially lead-
ing to timelier intervention.
Only 5% of the unplanned cardiac reinterventions were
thought to be attributable to an incomplete preoperative di-
agnosis. A previous study from our institution found that
major diagnostic echocardiographic errors occurred in
1.9% of infants weighing more than 2.5 kg and 5.2% of
infants weighing 2.5 kg or less.14 The risk factors for such
diagnostic errors in our institution include rare diagnoses,
greater anatomic complexity, and weight less than 5 kg.15
Awareness of these data might lead to improvements in
diagnostic imaging and a reduced likelihood of reinterven-
tion for incomplete preoperative diagnoses. Ten percent of
the unplanned reinterventions were undertaken because
the initial therapeutic plan was failing in that the patient’s
clinical course was not following an expected trajectory de-
spite a technically complete operation. At our institution,
these outcomes are typically manifestations of an evolving
clinical approach, such as attempts to perform early biven-
tricular repair in neonates with borderline left heart
structures.16
Decisions regarding the investigation of residual lesions
and the need for, the ideal timing of, and the type of reinter-
vention can be difficult clinical dilemmas.17,18 We found
that patients who underwent unplanned reintervention
within 2 days of the initial surgical procedure had lower
hospital mortality than those who underwent reintervention
8 to 18 days after. A similar finding was noted in a study of
infants and children who underwent unplanned cardiac
catheterization early after cardiac surgery.17 It is likely pa-
tients undergoing reinterventionwithin 2 days had overt signs
of an anatomic problem or circulatory insufficiency that
prompted early investigation. The increased mortality in pa-
tients undergoing unplanned reintervention between postop-
erative days 8 and 18 might represent the more difficult
spectrum of patients whose clinical trajectory stalls. Suchery c March 2013
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longed stay in a critical care environment. The relatively
lowmortality rate in those patients undergoing reintervention
after 19 or more days had elapsed since the initial operation
might be the result of these patients having had less severe re-
sidual lesions. These data support the principle that when
a postoperative patient is not following an anticipated clinical
course, early evaluation should be considered. Cardiac cathe-
terization should be considered for patients inwhomnoninva-
sive imaging fails to identify an etiology for hemodynamic or
clinical compromise.19 The lower mortality in patients who
underwent early reintervention suggests that rapid identifica-
tion and correction of important residual anatomic lesions
might lead to improved outcomes.Study Limitations
The present study was limited by its retrospective, single-
center design. The associations we identified between un-
planned cardiac reinterventions and mortality do not prove
causality. In some cases, unmeasured confounding vari-
ables might have contributed to the decision to proceed
with reintervention rather than the presence of residual or
unrecognized anatomic defects or a failed cardiac surgical
therapeutic plan. There were no standardized management
protocols for the evaluation of residual or unrecognized an-
atomic cardiac defects, and variations in the timing and mo-
dality of investigation likely existed among the clinicians.
Our analysis of risk factors for mortality was also limited
in that we only explored preoperative and selected intrao-
perative factors; thus, it is likely that additional intraopera-
tive factors and postoperative care also contributed to the
patient outcomes.CONCLUSIONS
In our recent experience, 11% of neonates with critical
congenital heart disease who underwent surgery underwent
an unplanned cardiac reintervention during the same hospi-
talization. In addition to unplanned cardiac reintervention,
fetal distress, greater RACHS-1 category, and longer dura-
tion of cardiopulmonary bypass were independent risk fac-
tors for hospital mortality. Our data support early evaluation
to identify potential residual or unrecognized lesions in
those neonates who are not following an expected clinical
course after cardiac surgery, because early reintervention
might lead to better outcomes. Patients at greatest risk of
needing an unplanned reintervention can be identified pre-
operatively, providing an opportunity for programmatic
modifications to reduce the occurrence of this complication.
Additional work is necessary to determine whether there
are modifiable technical and nontechnical factors that con-The Journal of Thoracic and Catribute to unplanned cardiac reinterventions, and whether
this is a robust quality improvement metric.
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